1. Direct intra-arterial blood pressure (radial artery) has been compared with indirect blood pressures using a regular sized adult cuff and a thigh cuff, with a mercury sphygmomanometer, in 24 hypertensive patients aged 62-84 years, and in 16 hypertensive patients aged 29-59 years.
Introduction
The treatment of diastolic hypertension based on indirect measurement of blood pressure is established practice, at least in young and middle-aged patients. (Joint National Committee Report, 1977) . However, the treatment of hypertension in patients over age 65 remains controversial (Carter, 1970;  Correspondence: Dr J. David Spence, Department of Medicine, Victoria Hospital, London, Ontario N6A 4G5, Canada. Fry, 1974) . Jackson, Pierscianowski, Mahon & Condon (1976) , and a subsequent editorial in the Lancet (1977) raised the issue of the risk of treating apparent hypertension in the elderly. Surprisingly, no one has raised the question of the accuracy of indirect blood pressure measurement in elderly people with stiff arteries. Our experience began with one 74 year old man who had several episodes of cerebral ischaemia while standing upright. The patient, treated for 15 years for hypertension, presented with an indirect blood pressure of 200/120 mmHg tecumbent, 70/60 mmHg after standing 3 min, while on debrisoquine, 20 mg/day, and hydrochlorothiazide, 50 mg daily. After adjustment of his medications, his postural hypotension abated, but it was noted that he had no hypertensive retinopathy or cardiomegaly, despite longstanding 'hypertension'. When studied, his indirect blood pressure was 170/94 mmHg, and at the same time his direct intra-arterial pressure (radial artery) was 203/60 mmHg (mean, 100 mmHg). This experience led us to study the problem in the 40 patients reported here.
Methods

Patient selection
Patients from the Hypertension Clinic at Victoria Hospital, and from the practices of the authors and their colleagues, were asked to volunteer. All gave informed consent; the protocol was approved by the University Committee on research in human subjects. Patients were studied who were thought to require treatment, because of high blood pressure by indirect measurement, but who had surprisingly little clinical evidence of hypertension, i.e. with normal chest radiography, 399s normal electrocardiogram, and no definite hypertensive changes in the fundi. In patients over the age of 50, arteriovenous nipping was considered as possibly arteriosclerotic, and was therefore not regarded as necessarily diagnostic of hypertensive arteriolar disease (Matas, 1977) .
Blood pressure measurement
Indirect measurement. Indirect blood pressure was measured with a mercury manometer, using both an adult size cuff (10 cm x 14 cm) and a thigh cuff (20.5 cm x 18 cm). Readings were taken in the recumbent position after 10 min of rest, just before the intra-arterial measurement which was done in the same arm. When a clear muffling was noted before disappearance of Korotkov sounds, the pressure was recorded as systolic/muffling . . .
disappearance.
Otherwise, diastolic pressures were recorded at the disappearance of tapping sounds. Indirect observations were all made by the same observer, an experienced technician; the direct intra-arterial pressures were read from the digital readout by the physician doing the measurement (W.S.), who was not allowed to see the indirect pressure readings.
Direct measurement. Direct intra-arterial measurements were performed using a no. 19 butterfly needle inserted percutaneously into the radial artery with local infiltration of 2% lidocaine without adrenaline. Allen's test was done first to ensure that digital ischaemia did not result from occlusion of the radial artery. Pressures were recorded by a Hewlett-Packard Arterial/Venous transducer and digital display system (HewlettPackard 78205B Arterial/Venous pressure modules and 7782A Thermal Recorder). Pressures were calibrated against a mercury sphygmomanometer. to record linearly from zero to 300 mmHg, measured utilizing the midthoracic level as the zero reference point, in the recumbent position. Digital compression of the artery was maintained for 10 min after removal of the needle.
This method of arterial puncture was used because the patient is relatively protected by Allen's test against ischaemic complications.
Two elderly ladies were too apprehensive to hold still for the procedure, which was abandoned after two attempts at puncturing the artery. In each case the artery was palpably very stiff and thickened, and was difficult to puncture.
Most patients developed minor subcutaneous ecchymosis at the puncture site; no ischaemic or infectious complications have occurred to date.
Results
Individual blood-pressure recordings are presented in Table 1 . It is apparent that a higher proportion of the patients under age 60 had fat arms or big, muscular arms (7 out of 16 below 60 years, 3 out of 24 over 60 years). Nevertheless it is obvious that the error in measurement of diastolic pressure was greater in the elderly group: a 30 mmHg error in indirect measurement was detected in 12 of 24 patients over age 60, whereas 69% had an error of 15 mmHg or more.
It was surprising that the use of a large thigh cuff to measure indirect pressure was not helpful, even in patients with fat arms or muscular arms. Although the large cuff improved the indirect estimation in some patients, it underestimated the diastolic pressure in three patients, and overestimated pressure by more than 10 mmHg in four cases.
The difference between direct and indirect blood pressures was significant ( P < 0.02) for diastolic pressure in both age groups (paired t-test). Their error was significantly greater in the over-60 age group ( P < 0.03; two-sample t-test.)
Discussion
In almost half (1 7/40) of our patients, even though they were left on antihypertensive drugs, the diastolic pressure was 'changed' from greater than 100 mmHg to less than 90 mmHg simply by measuring it directly. Since most physicians would treat patients with a diastolic pressure greater than 100 mmHg, whereas many would not treat patients with pressures below 90 mmHg, we feel that this distinction is very important. Thus, in a group of patients selected because of clinical doubt about the indirect blood pressure readings, the incidence of pseudohypertension was very high. In many of the patients who still had diastolic pressures over 100 mmHg by direct measurement, the knowledge that indirect pressure estimation was inaccurate in that individual was very useful in the subsequent management of the patient. Although the errors in measurement of systolic pressure did not achieve statistical significance, they are clearly of clinical importance.
Variability was so great between individuals that a strong linear correlation was not obtained; nevertheless it is apparent that in this group of patients, indirect measurements underestimated systolic pressure by more than 30 mmHg in five cases; none of these was under 50 years, and in all these whom indirect pressures seemed inappropriately high when considered against a general absence of target organ damage), that direct blood pressure readings were about 30 mmHg lower than indirect measurement. This is in agreement with our findings in this group of patients selected by similar criteria.
Conclusions
We conclude that indirect blood pressure measurement, even at rest, may be very inaccurate, particularly in the elderly.
Since the decision to treat hypertension is a serious one, implying therapy for many years, and since the elderly are particularly susceptible to complications from iatrogenic hypotension, we recommend that direct intra-arterial pressure measurements be done (by someone experienced in the technique) in patients in whom pseudohypertension is suspected because of absence of cardiomegaly, or hypertensive retinopathy. The procedure is particularly helpful in elderly patients in whom antihypertensive treatment is associated with symptoms of postural hypotension.
Further studies are required to determine the accuracy of indirect pressure measurement in elderly subjects not selected because of suspicion of pseudohypertension.
